between sites in lotic reaches of the watershed, we attempt to identify sites that may be valuable to conserve and on which to restrict further agricultural development.
STUDY SITES
Pipestone Creek drains an area of 1340 km 2 of the Aspen Parkland Ecoregion in the southeastern corner of Saskatchewan (Fig. 1) . It is a low-gradient stream that meanders along the bottom of a glacial spillway known as the Pipestone Spillway, which drained Lake Indian Head about 12,700 years BP. The creek eventually flows into Man itoba, enters Oak Lake, and ultimately becomes part of the Souris River system. Numerous per manent and intermittent streams, oxbow lakes, beaver ponds, and wetlands are associated with Pipestone Creek along its course. Two man-made dams on the creek have formed Pipestone Lake and Moosomin Lake. During spring run off and periods of high precipitation, flow rates can be swift in undammed portions of the channel, but during late summer or drought conditions the channel may become dry.
All sites are slightly alkaline, and all but site 1 overlapped in dissolved solids and conductivity through the course of the sampling period (Table 1 ). The sites are generally similar to each other in riparian zone vegetation and damage caused by cattle grazing and watering. Chief differences among the sites are water flow, water level changes, macrophytes, and turbidity. Sites 1 and 4 are clear and very slow flowing, with extensive areas of submersed and emergent vegetation, and relatively stable water levels. Site 1 has lower dissolved solids and
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WESTERN NORTH AMERICAN NATURALIST [Volume 68 Fig. 2 . Cluster analysis of site taxa presence/absence data. (water depth 20-30 cm) and under the bridge (water depth 70 cm). However, beavers dammed these areas and maintained the dam throughout the summer and fall. This essentially stopped water flow and stabilized the water level behind the dam. Downstream the creek is further obstructed by a gravel road, which forces the creek through culverts. Cattle grazing and drinking heavily impact the riparian zone at the site. Willows are the dominant shrubs and small clumps of aspen are present. SITE 2 (50°07፱47፳N, 101°58፱39፳W).-Pipestone Creek at site 2 flows through a steepsided artificial channel constructed to improve water flow through a bridged gravel road crossing downstream from the collection site. Water current was moderately rapid in spring and early summer. However, water levels declined by late summer to such an extent that water flow was reduced to small trickles between pools. The substrate is silt in depositional areas and moderate cobble and gravel in scour stretches. The water is very turbid and all submersed substrates, including macrophytes, are covered by silt. Mid-channel water depths in spring were 1.6 m or greater in the pools.
SITE 3 (50°04፱33፳N, 101°56፱11፳W Using a Hanna HI98129 "Combo" pH and EC water meter, we measured basic water parameters (temperature, pH, dissolved solids, and con ductivity) at each site. Current velocity and turbidity were described qualitatively.
At each site we used a 1-mm-mesh, Dframed aquatic net and a 750-μm sieve to qualitatively sample all microhabitat types that could be accessed in chest waders. Submerged rocks, logs, etc., were examined for adhering macroinvertebrates. In addition, a composite proportional dip net sample was taken either as a kick sample, if current velocity and water depth allowed, or as a series of jabs and sweeps of the substrate and submerged vegetation. These samples were preserved in the field 
Armiger crista (Linnaeus) X X Gyraulus circumstriatus (Tryon) X X X Gyraulus deflectus (Say) X X Helisoma anceps anceps (Menke) X Helisoma pilsbryi infracarinatum (Baker) X Planorbella subcrenata ( C a r p e n t e r ) X X X Promenetus exacuous (Say)
Gammarus lacustris Sars X X X Hyallelidae Hyallela azteca S a u s s u r e X X X X X Decapoda Cambaridae Orconectes virilis Hagen X X Ostracoda Ostracoda spp. Chaoborus flavicens (Meigen) X X X Chironomidae T a n y p o d i n a e X X X X X Ablabesmyia spp. X X X X Ablabesmyia illinoensis Malloch X Clinotanypus spp. X 
X X Zavreliella marmorata (van der Wulp) X Pseudochironomus spp. X C h i r o n i m o n i n a e : T a n y t a r s i n i X X X X X Cladotanytarsus spp. with 100% alcohol and returned to the lab for proc essing. We took aerial sweep samples of the riparian vegetation to collect adult insects. These samples were preserved in 70% alcohol.
Representative specimens of each distinct macroinvertebrate type were sorted in the lab using the naked eye and a dissecting microscope at 6X from qualitative dip net samples, aerial sweep samples, and extra material from the composite proportional samples. These specimens were preserved in 70% alcohol, pinned, or mounted on microscope slides prior to identification. Voucher series were deposited in the Royal Saskatchewan Museum, Regina, and Saskatchewan Watershed Authority Invertebrate Survey, Saskatoon.
Composite proportional dip net samples were washed to remove any remaining silt using a 500-m sieve and then divided into 1/8 or 1/16 sample fractions using a piece of Plexiglas (Cuffney et al. 1993 ). Subsamples were randomly chosen and processed under a dissecting microscope at 6X until a count of 300 macroinvertebrates was attained or the entire sample had been processed. We identified macroinvertebrates to the lowest level possible and enumerated them. We assigned feeding group categories to each taxa based on the literature (Pennak 1989 , Clifford 1991 , Merritt and Cummins 1996 , Mandaville 2002 . Data were then used to determine percent composition of each taxa (taxa individuals / total individuals * 100) and feeding group at the sites. Similarity cluster analysis was performed on taxonomic and feeding group data using a Multi-Variate Statistical Package (MVSP; Kovach 1999) . The Weighted Pair Group Average Method (WPGMA) was used to account for fewer sampling dates at site 3 (Kovach 1999) . Rarefaction was used to estimate the species richness accumulation curve (Colwell 2006) .
Based on data in Mandaville (2002) and Barbour et al. (1999) , we assigned pollution tolerance values to the taxa. Idaho values were used where possible, as they are the geographically closest set of values for northwest North America. If Idaho values were not available, average scores were calculated from other re gions in the table. Water quality at the sites was assessed with the Modified Hilsenhoff Biotic Index (MHBI; Mandaville 2002), using the com posite proportional samples. Because pollution tolerance values change for a particular stream over the course of a season, we used only April samples for organic pollution indication, based on the recommendations of Hilsenhoff (1988) .
RESULTS

Taxonomic Results
Here we record 294 macroinvertebrate taxa from 60 different families (Table 2) for the Pipestone Creek watershed. Non-insect macroinvertebrate taxa richness was dominated by mollusks; 1 limpet (Ferrissia rivularis), 14 snail taxa, and 3 mussels. Leeches were represented by at least 7 species belonging to 2 families: Erpobdellidae and Glossiphoniidae. Crustaceans collected include ostracods, the amphipods Gammarus lacustris and Hyallela azteca, and the crayfish Orconectes virilis. were collected at every site in low numbers. Freshwater sponges and bryozoans were also found at a few sites (Table 2) . Insects were the most diverse group found in the Pipestone watershed. We record 18 taxa representing 5 families of mayflies. The Baetidae were the most diverse with 9 genera/ species identified. The Odonata included 3 families of damselflies and 3 of dragonflies. A single Plecoptera species, Perlesta placida, was collected. Six families with at least 23 species of Hemiptera were collected, including the giant water bug Lethocerus americanus and the water scorpion Ranatra fusca. The most diverse hemipteran group found here was the Corixidae, with 14 species.
Six families of Trichoptera were recorded; the most diverse family was the Limnephilidae, with 13 species identified. At least 1 species of Lepidoptera was collected but the larvae could be identified only to Pyralidae. Saskatchewan's only species of Megaloptera, Sialis velveta, was also collected. At least 39 taxa of Coleoptera were collected. Dytiscidae was the most diverse family of beetles found, with 24 taxa (Table 2) .
The Diptera was the most diverse insect order collected in this study. Eighty-five taxa belonging to 13 families were identified. Over half the taxa was comprised by family Chironomidae. Unfortunately, most of these could be identified only to genus, which probably underrepresented the actual diversity. Biting flies included at least 3 species of Ceratopogonidae, 2 species of both Culicidae and Tabanidae, and 4 Simuliidae species.
Cluster analysis of taxa presence/absence site data grouped sites 1 and 4 together as the sites with the most similar faunae, 64.9%. Site 3 grouped with these 2 sites at 55.2% similarity. Sites 2 and 5 formed a distinct cluster at the 60.9% similarity level (Fig. 2) .
Successive sampling dates increased the number of taxa recorded for each site and the entire study (Fig. 3) ; however, there is no obvious asymptote developed in the species accumulation curve (rarefaction; see Buddle et al. 2005 ) that would indicate taxonomic richness sampling saturation.
Specific Taxonomic Composition
Percent taxonomic composition of the proportional samples differed greatly among the sites. Cluster analysis of the data revealed that the 2 most similar sites, sites 1 and 3, had only 38.2% similarity (Fig. 4) .
Cluster analysis of feeding group data from the proportional dip net samples separated the sites into 2 groups: sites 1, 2, and 3 clustered at the 84.5% level; and sites 4 and 5 clustered slightly lower at the 80.9% level (Fig. 5) .
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WESTERN NORTH AMERICAN NATURALIST [Volume 68 Fig. 3 . Rarefaction estimate of species richness for benthic macroinvertebrate species sampled in the Pipestone River, Saskatchewan, Canada. Collectors accounted for over 50% of the macroinvertebrates collected at sites 1, 2, and 3. At sites 4 and 5 scrapers and grazers were the most important group, making up over 42% of the community.
Although sites 1, 2, and 3 were collector dominated, the faunal make-up at the sites was quite different. At site 1 the collectors primarily consisted of Chironomidae (45.7%), particularly Tanytarsus (10.8%). At site 2 the main collectors were pea clams (Pisidiidae; 20.8%), especially Sphaerium (14.6%), and chironomids (15%). Collectors at site 3 included Chironomidae (27%) and Ostracoda (17.1%). The majority of scrapers and grazers at site 4 were H. azteca (13.1%) and V. tricarinata (13%). However, at site 5, H. azteca (22.0%) and baetid mayflies (15.1%) were the dominant scrapers and grazers.
The Modified Hilsenhoff Biotic Index, calculated from the proportional data, suggested that all sites were significantly polluted when compared with the water quality data (Table 3) .
DISCUSSION
Very little comprehensive community-based macroinvertebrate biodiversity research has been done on the waterways in southeastern Saskatchewan. This study recorded important Saskatchewan range extensions for 12 taxa of mayflies: Acerpenna pygmaea, Baetis brunneicolor, B. flavistriga, B. tricaudatus/brunneicolor, Callibaetis ferrugineus, Procloeon sp., Caenis amica, C. latipennis, Leucrocuta hebe, Stenacron interpunctatum, S. terminatum, and Leptophlebia sp. Most of these species were previously known from the more northern boreal forests of the province (Webb 2002) . The presence of the stonefly Perlesta placida is also a range extension to the southeast corner of the province for this species (Dosdall and Lehmkuhl 1979, Dosdall 1992 ) from limits at Cypress Hills to the west (about 600 km), and north in the boreal forest (about 600 km).
Trichoptera in Saskatchewan have not been well studied outside the boreal forests (Smith 1984 (Smith 1984 , Nimmo 1987 , Floyd 1995 , Glover 1996 , Wiggins 1998 .
Because Pipestone Creek is linked to eastern waterways of Manitoba and Ontario, and ultimately the eastern extent of the Wisconsin Glacier, many more significant zoogeographical records are likely to be discovered in this area. The chironomid Zavreliella maromata was only recently reported in Saskatchewan near Regina (Parker and Glozier 2005) . Its collection in the Pipestone Creek watershed may indicate the immigration path used to reach Saskatchewan from eastern Canada. This eastern connection also makes Pipestone Creek a potential route for "invasive species." If such species become established, they could alter the aquatic communities within the province.
The Pipestone Creek watershed also harbors significant populations of biting flies. Culicidae collected included Aedes sp. and Anopheles earlei. Numerous Ceratopogonidae larvae were collected, but it was impossible to reliably identify most of them below family level. Two species of Tabanidae were collected, Chrysops aestuans and Hybomitra cf. illota. The latter species attacks humans and livestock (Teskey 1990) . At least 4 species of Simuliidae were also collected. All are known biters of both humans and livestock and can, in numbers, be significant pests (Fredeen 1981 Cluster analysis of the taxonomic presence/ absence data (Fig. 2) separates the sites into 2 clusters based on taxonomic preferences for water flow and vegetation. Sites 1, 3, and 4 are essentially lentic habitats and harbor many taxa, including lymnaeid snails, libellulid dragonflies, limnephilid caddisflies, and dytiscid beetles, which are most abundant and diverse in standing waters. In contrast, sites 2 and 5 are lotic habitats and contain macroinvertebrates more typical of flowing waters, such as the freshwater limpet (F. rivularis), heptageniid mayflies, blackflies, the single stonefly species, and hydropsychid caddisflies.
The accumulated taxa curve of the study has not yet begun to show a significant asymptote (Fig. 3) , indicating that the taxonomic richness for Pipestone Creek has yet to be adequately estimated. The individual site totals represented 54% or less of the 294 taxa collected in the entire study. Single-date taxa counts account for less than 60% of the taxa collected and single-sample date and site combinations represent 27% or less of the total taxa collected. This is not surprising when one considers the heterogeneity of habitats present at each site in addition to the temporal faunal changes ex pected from seasonal life cycles. The low percent similarity of single-sample data in site combinations further emphasizes the necessity of broad spatial and temporal resolution when initiating watershedscale benthic macroinvert ebrate bio diversity studies.
Pipestone Creek and its sampled tributaries appear to be impacted by organic pollutants based on values calculated from the Modified Hilsenhoff Biotic Index (Table 3 ). There are a multitude of possible sources of this pollution, including agricultural chemicals, sewage lagoon leakage, cattle corrals, etc. To identify the sources and determine if the pollution is due to a general source or point sources will require further research. Unfortunately, there is very little information on tolerance values and resulting pollution scales based on research in Saskatchewan. Tolerance values for the calculations were extrapolated from different geographic regions of North America, mainly Idaho (Barbour et al. 1999 , Mandaville 2002 . Such values need to be adjusted to suit each region (Mandaville 2002 ) and stream type. Furthermore, species-level tolerance values from these sources are incomplete, and generic and family-level values often have to be used. There is no indication that these supra-generic values are based on any species common to the present study. While this situation is definitely not ideal, it is currently all that is available and provides enough information to raise concerns about the water quality of the Pipestone Creek water shed, and it suggests that further monitoring of the system is necessary.
